We employ recent data from 59 international emerging and mature stock markets to provide new evidence of a lunar cycle (full and new moon) effect on their stock market returns. Using a TGARCH model, we further examine the linkages between efficient-market theory, calendar-related effects and investors' mood resulted from moon phases. The empirical results show significant full moon effects in 6 markets, and significant new moon effects in 8 markets. In line with the theory, we report significant positive effect of new moon on stock market returns in 5 cases (UK, Switzerland, Bangladesh, Chile and Cyprus), while a negative effect of full moon is reported for the case of Jordan only. In addition, we find that lunar effects are strongly influenced by the calendar anomalies (Monday effect and January effect); several markets -mostly emerging markets-show evidence of full/new moon effects as well as Monday/January effects (Bangladesh, Brazil, Chile, Tunisia, Belgium, Cyprus). Further, we prove that the lunar phases are stronger outside America. These findings are recommended to investors, financial managers and analysts dealing with international stock indices.
Introduction
Psychological factors (e.g. overconfidence and optimism) always play a role in economics and financial markets (Akerlof and Shiller, 2009; Krugman, 2009; Kahneman, 2003a Kahneman, , 2003b Laibson and Zeckhauser, 1998; Ciccone, 2011) . Further, theories from behavioural finance such as the efficient-market theory (stock prices reflect all available information) and calendar-market anomalies, i.e. Monday (low returns) and January (high returns) effects, may be explained by psychological principles of decision making 1 (Garling et al., 2009; Alt et al., 2011) .
Numerous studies suggest that mood significantly affects human's behaviour and psychology 2 (Frijda, 1998; Loewenstein et al., 2001; Slovic et al., 2002) , while recent studies on behavioural finance show significant effects of investors' mood 3 on asset returns (Hirshleifer and Shumway, 2003; Cao and Wei, 2005; Yuan et al., 2006) .
Further, there is much research which shows the importance of weather and other geophysical phenomena (see Saporoschenko, 2011; Chang et al., 2008; Pardo and Valor, 2003) , including the lunar cycles (moon phases), on the pricing of assets.
Evidence suggests that investors are subject to various behavioural biases when making financial decisions, such as cognitive errors, loss aversion, overconfidence and mood fluctuation (Harlow and Brown, 1990 ).
Moon has a natural power which plays a significant role in phenomena of nature and also on human behaviour; in particular, moon tends to affect decision makers (Levy and Yagil, 2011) . The phases of the moon show when people are generally more optimist or pessimistic. There are two phases of the moon: the new moon, and the full moon. The full moon period is the day of the full moon and the seven days before it and after it, when people are more pessimistic. By contrast, the new moon is when the moon is 'hidden' and people have positive energy. This period marks the beginning of new life, development and the conception of hope. According to Dichev and Janes 1 Nofsinger (2003) argues that "the recent trend of behavioural finance is developing by attributing psychological biases, emotions, and moods to economic participants"; he further adds that "the optimism (and overconfidence) causes the decision-maker to overestimate the probability of success and underestimate the risk of the decision outcomes", see Nofsinger (2003, p. 2) . 2 A large body of papers in psychology show a link between depression and anxiety and a low risktaking behaviour (Krivelyova and Robotti, 2003) . Garling et al. (2009, pp. 5-6) argue that "overconfidence and optimism are other psychological factors that make people take financial risks possibly disastrous consequences for the financial situation". 3 According to Garling et al. (2009, pp. 16-17) , financial decision making is influenced by predecisional affective states (e.g. current mood), anticipatory affect (e.g. optimism-pessimism) and anticipated affect (e.g. disappointment).
(2003), phenomena of nature such as lunar cycles or even the energy of ocean can be used to explain and possible predict the pattern of stock market prices and their returns. On a general level, if lunar phases affect investors' mood, these phases may affect asset prices, and therefore, asset returns during full moon phases may be different from those during new moon phases (see Yuan et al., 2006; Keef and Khaled, 2011) . In particular, a full moon reflects the trading behavior of investors; in other words, it increases their tendency to feel depressed or sad. Hence, they may feel to stay out of the stock market (at or near that day of full moon) and wait, or to sell out their positions due to the lunar effect, i.e. a full moon brings stress to the investors. The opposite happens with the new moon, i.e. it brings calmness. The lunar effect theory is that "the lunar cycle affects human emotions and that financial markets, as reflections of the wisdom or madness of the crowd, are not immune to its effects" (Stevenson, 2010) . Empirical evidence shows that stock returns are lower on days around a full moon than on days around a new moon. This negative relationship around full-moon periods is firstly reported by Dichev and Jones (2003) and then by Yuan et al. (2006) . Dichev and Jones (2003) show a significant lunar effect on the US returns; they report that moon cycles affect human behaviour especially abnormal behaviour around full moons. Yuan et al. (2006) give further explanations beyond investors' mood, which in behavioral finance is the most common explanation of market anomalies (see Zaleskiewicz, 2008; DeBondt, 2008) .
The remainder of the paper is organised as follows. Section 2 describes the data, while Section 3 outlines the methodology and presents the empirical results. Section 4 discusses the main findings and concludes the study. 4 We consider data from several stock markets to further examine if the lunar phases are stronger outside America (see Dichev and Janes, 2003) . 5 Optimism is associated with a feeling of personal control, and the stock market is indeed a place where confident people can attempt to exert their influence (Ciccone, 2011; p. 166 
Data description
Most of our data covers a long-dated period (from January 1990 to December 2010).
We consider daily data from the major indices of fifty-nine stock markets (emerging and mature) from all parts of the world (as given in Table 1 ). The stock market data were collected from Datastream and the data on moon phases were collected from the website of the Munich Astronomical Archive (www.maa.mhn.de). Descriptive statistics results (not reported here) confirm that all of the returns 7 series follow the stylised facts of financial time series such as leptokurtosis, volatility clustering and leverage effects (see Bollerslev, Engle and Nelson, 1994) ; in addition, the log levels of prices are found to be I(1), i.e. the series are non-stationary 8 . Hence, we are able to use time series models to capture volatility clustering and test the effect of investors' mood on stock market returns.
<< Table 1 -about here >>
Methodology
In formulating the hypotheses, we consider the relationships between (a) new/full moon and good/bad news (mood), (b) new/full moon and calendar-related effects (Monday/January), (c) mood and stock market returns. We re-examine the empirical linkages between moon phases and stock market returns using a TGARCH model which captures an effect where negative shocks have a greater volatility impact than positive shocks (this study is the first investigation of the possibility of moon-calendar anomalies using a TGARCH time-series approach which is able to capture the seasonal dependency, or the annual cycle of moon, as well as the fluctuation of returns or volatility response from market shocks) 9 .
We not only test whether the phases of moon affect stock returns, but also we investigate whether the returns are higher in winter (January effect -see Floros, 2008a; Yuan et al., 2006; Floros, 2011; Khaled and Keef, 2011 10 ; Ciccone, 2011) and 7 Daily returns are computed as logarithmic price relatives:
, where t P is the daily price at time t. 8 These results are not reported to save space but they are available upon request. 9 This study, in line with previous studies on the same area (Floros, 2011) , ignores the impact of electronic trading on stock market returns. 10 Khaled and Keef (2011) report that the January effect is explained by the tax-loss selling and window-dressing theories; the essence of the January hypothesis is that investment managers sell shares close to the end of the financial/calendar year and then reinvest early in the lower during the first day of the week (Monday effect -see Levy and Yagil, 2011; Bohl et al., 2010; Alt et al., 2011) . These calendar effects are heavily related with the behavioural finance theories (i.e. investors' mood) in the way that (1) the January effect shows that financial returns are large comparing to the returns of the other months (Floros, 2011) , and (2) the Monday effect 11 is where the returns are significantly lower over the first trading day of the week (see Levy and Yagil, 2011; Yuan et al., 2006) ; explanations include the settlement procedure hypothesis, measurement errors, the timing of earnings announcements and the influence of news (mood) on conditional variance (see Zakoian, 1994; Glosten et al., 1993) ; further, we model returns using an AR(1) mean equation, consistently with the nonsynchronous trading effect (see Floros, 2011; Charles, 2010) .
The AR(1)-TGARCH(1,1) model for returns R is given by: The specification for the conditional mean is given by equation (1) The specification for the conditional variance is given by equation (2) Zakoian, 1994; Glosten et al., 1993; Floros, 2011) .
Empirical Results
The results 12 from the equation (2) strong GARCH effects are apparent for the selected sample, and news has a greater impact on stock market returns), (3) the magnitude of the GARCH coefficient, β, is especially high, indicating a long memory in the variance, and (4) positive and significant γ parameter shows that the leverage effect exists and bad news increases volatility 13 . be explained by psychological factors (Garling et al., 2009; Keef and Khaled, 2011) .
It is widely accepted that the relationship between moon phases and mood may have implications to investors' behaviour (Levy and Yagil, 2011) . Yuan et al. (2006) Finally, our study shows that half of the international stock markets support the theories of behavioural finance (i.e. investors' decisions are influenced by many factors including their current mood). Therefore, we find that the January (Monday) effects are driven by investors' optimism (pessimism).
Further research should examine the impact of lunar days (moon day 1 -30) using other quantitative approaches and methods (e.g. event study methodology, APARCH model, Monte Carlo simulations). 
Notes:
• Probability values of t-statistics in the parentheses.
• *, **, *** Significant at 10%, 5%, 1% levels, respectively.
